A large body of work has documented the influence of lifecourse socioeconomic position (SEP) on cardiovascular disease (CVD) risk in later life. [1] [2] [3] [4] [5] Several models have been proposed for how factors operating over the lifecourse may affect CVD, including critical/ sensitive periods (exposure at a critical time point having consequences regardless of subsequent exposures), accumulation of risk (exposures accumulating over time) and synergistic effects (exposures later in life enhancing the effects of early exposures). [1] [2] [3] [4] Lifecourse SEP may impact CVD through its effects on more proximal risk factors for CVD risk such as behavioral factors, psychosocial processes, or even infections acquired early in life. 1, 2, 6, 7 The majority of studies investigating the impact of childhood SEP on CVD in later life have been conducted in European [8] [9] [10] or US white populations. [11] [12] [13] It is possible that the role of lifecourse factors depends on the historical, economic, or social circumstances of different social groups. For example, African Americans are more likely than whites to experience adverse lifecourse SEP as the result of racial discrimination and segregation. 14, 15 In addition, they may be more vulnerable to the effects of lifecourse SES due to the interaction of lifecourse SEP with other factors linked to race/ ethnicity. African Americans experience a disproportionate burden of CVD morbidity and mortality compared with whites. 16 Furthermore, the lifecourse SEP history of African Americans is quite different from that of US whites. However, there has been limited research on the association of lifecourse SEP with CVD risk in African Americans, and findings are mixed. 17, 18 One study found childhood SEP predicted stroke risk in African Americans independent of adult SEP, 17 while another study reported no direct effect of early-life SEP on incident heart failure in African Americans. 18 To our knowledge, no studies have investigated the links between lifecourse SEP and CVD events in a large and economically diverse sample of African Americans. Understanding the lifecourse processes contributing to the development of CVD in African Americans may provide important insights into the causes of disparities in CVD risk.
We examined the associations of multiple measures of lifecourse SEP with CVD events in the Jackson Heart Study (JHS), a large population-based study of African Americans, with 10 years of follow-up. We also investigated whether CVD risk factors partially explain the associations between lifecourse SEP and CVD events. In addition, we examined whether sex and/or age modified associations between lifecourse SEP and CVD events.
Materials and Methods

Study Population
The JHS is a population-based study of the causes of CVD in African Americans. Between 2000 and 2004, a total of 5301 (3360 [63. 4%] women and 1941 [35. 6%] men) noninstitutionalized African Americans between the ages of 21 to 94 were recruited from Hinds, Madison, and Rankin counties in the Jackson Mississippi metropolitan area (MSA). The study design and recruitment protocol have been previously described. [19] [20] [21] [22] Briefly, participants were recruited from 4 different sources: (1) 31% were recruited from prior Jackson participants of the Atherosclerosis Risk in Communities (ARIC) Study; (2) 17% were recruited randomly from the tricounty area; (3) 30% were volunteers recruited to be approximately representative of the Jackson MSA African American population in terms of age, sex, and socioeconomic characteristics; and (4) the remaining 22% were JHS family members recruited to allow for future genetic studies. The JHS was approved by the institutional review boards of Jackson State University, Tougaloo College, and the University of Mississippi Medical Center. All participants provided written informed consent.
Childhood SEP
Three measures of childhood SEP were derived from an interviewer-administered questionnaire during the first annual follow-up call. Participants were asked to think back on the time before they reached 16 years of age and select the number of years of schooling or highest academic degree attained by their father, mother, or primary caretaker. In the current study, the father's education was not used due to excessive missing data (41%). Mother's education was categorized into 3 groups: <high school (HS), HS/GED, and >HS. Participants' parental (or primary caretaker) housing tenure status before they reached age 10 was coded as 1 for owners and 0 for renters or other living arrangements. A childhood amenities score was derived based on access to 8 amenities (indoor plumbing, electricity, refrigerator, telephone, television, air conditioning, parental car ownership, and number of rooms) while growing up until age 10. Participants who had access to each amenity were coded as 1 and those with no access were coded as 0. The number of rooms was dichotomized at the median and coded into 0 (<5) or 1 (≥5). A summary score of childhood amenities was created by summing the points for these 8 amenities and subsequently categorized into tertiles of low, medium, and high (0 to 2). To examine the overall associations of childhood SEP with CVD risk independent of adult SEP, all childhood SEP measures (parental education [0 to 2], parental home ownership [0 to 1] and amenities [0 to 2]) were added together to generate a summary of childhood SEP score (range, 0 to 5). Then childhood SEP score was categorized into tertiles (low, medium, high) to allow for investigation of nonlinearity and to allow comparisons with adult SEP.
Adult SEP
Adult SEP was assessed via questionnaire during the home induction interview at baseline. Education was measured as years of schooling completed and categorized into 4 groups: HS/GED or less, vocational certification/some college, associate/bachelor's degree, or postgraduate degree. Selfreported family income was measured from 13 brackets ranging from <$5000 to ≥$100 000. A continuous family income was calculated by taking the interval midpoint of each family income bracket of the participants. Those who reported total family income of <$5000 were assigned a value of $2500 and those with >$100 000 were assigned $112 500 based on the US income distribution. Income was subsequently categorized into 4 groups (<$25 000, $25 000 to $39 999, $40 000 to $74 999, or ≥$75 000) for analysis. A score of wealth was created based on 3 assets: (1) whether the participant/family owned their home (yes/ no), (2) whether the participant owned ≥1 cars (yes/no), and (3) liquid assets obtained by asking participants to select from 9 brackets ranging from $0 to ≥$200 000 indicating the total amount of money they could raise in an emergency by cashing in all of their (and spouses') checking, savings accounts, cars, jewelry, or other possessions and any stocks, bonds, or real estate. A continuous liquid asset measure was created by taking the interval midpoint of each liquid asset bracket of the participants. Those who reported liquid asset >$200 000 were assigned a value of $250 000 based on the US asset distribution. The continuous liquid asset was subsequently dichotomized at the median and coded into 0 (low) or 1 (high). The sum of home ownership (0 to 1), car ownership (0 to 1), and liquid asset (0 to 1) was used as a summary score of wealth (0 to 3). Wealth was then categorized as low (0 or 1 asset), medium (2 assets), and high (3 assets). Public assistance was constructed from 3 questions "In the past year, did you or anyone living in your household receive any income from the following sources (1) Food Stamps (yes/no)? (2) Other welfare program (yes/no)? (3) Supplemental Security Income (SSI) (yes/no)?" Participants on ≥2 types of assistance were assigned a 0 score; those on 1 type of assistance was assigned a score of 1, and participants with no assistance were assigned a score of 2. To examine the overall associations of adult SEP with CVD, a summary adult SEP score was generated by summing the participant's scores for education (0 to 3), income (0 to 3), wealth (0 to 2), and public assistance (0 to 2). The summary adult SEP score ranged from 0 to 10, and the score was categorized into tertiles (low, medium, high) to investigate nonlinearity and allow comparisons with childhood SEP. 
Covariates
CVD Events
The study outcome was CVD events and comprised incident and recurrent coronary heart disease (CHD) and stroke events. All participants were followed from the baseline examination in 2000-2004 to the date of CVD events, death, and loss to follow-up or otherwise through December 31, 2010. CVD events in the JHS were ascertained through a combination of active and passive surveillance by contacting the participants annually and identifying all hospitalizations and deaths during the prior year. In addition, discharge lists from local hospitals and death certificates from state vital statistics offices were surveyed for potential CVD events. If the death occurred out-of-hospital, interviews with the nextof-kin and completed questionnaires by physicians and medical examiners or coroners were used to obtain information on deaths. The abstracted information on hospitalizations and deaths was transmitted to the medical record abstraction unit who reviewed death certificates and hospital records for eligible CVD events in the cohort. Eligible events were classified as definite or probable fatal or nonfatal CHD and stroke events by a computer algorithm and follow-up review and adjudication by 2 independent physician reviewers. Any disagreements in diagnoses were adjudicated by another reviewer. Details on the quality assurance for ascertainment and classification of CVD events in JHS have been previously published 28 and follow those standardized ARIC protocols.
29,30
A CHD event A CHD event was defined as a definite or probable myocardial infarction (MI), a definite fatal CHD, or cardiac procedure. The criteria for definite or probable MI were based on combinations of chest pain symptoms, ECG changes, and cardiac enzyme levels. The criteria for fatal CHD were based on chest pain symptoms, underlying cause of death from the death certificate, and other associated hospital information or medical history. The criterion for cardiac procedure was based on receipt of angiography and any revascularization producers as indicated in the medical record.
28,29
A stroke event A stroke event was defined as a definite or probable stroke on the basis of neuroimaging studies and autopsy according to criteria adapted from the National Survey of Stroke (NINCDS, 1981). 31 The minimum criterion for a definite or probable stroke was sudden or rapid onset of neurological symptoms lasting for >24 hours or leading to death. Any neurologic symptoms that did not last >24 hours or the lack of new neurologic symptoms seen before or during the hospital admission was not considered to be a stroke. Out-of-hospital stroke deaths not linked to a hospitalization or hospitalized events with no medical chart available were not included.
28,30
Missing Data Imputation imputed datasets. The imputation model included all variables retained for the analysis. PROC MIANALYZE (SAS Institute) was used to combine the estimates across the imputed datasets and to obtain appropriate summary estimates and CIs. 35 We also performed sensitivity analyses by incorporating missing data as separate dummy variables in the original data. The results from the sensitivity analysis were generally similar to the imputation-based analysis, with unchanged overall patterns of associations and statistical significance.
Statistical Analyses
Age-and sex-adjusted means and proportions were calculated by using linear and logistic regression, respectively, to compare baseline CVD risk factors across tertiles of summary childhood and adult SEP categories. To assess the patterns of CVD rates in men and women across categories of childhood and adult SEP, we calculated age-adjusted rates of CVD by using Poisson regression. Linear trends across childhood and adult SEP categories were tested by including childhood and adult SEP measures as ordinal covariates.
Cox proportional hazards models were fitted to examine the associations between various lifecourse SEP measures and hazards of new or recurrent CVD events. Models were stratified by sex because descriptive analyses suggested different SEP patterning in men and women. Each adult SEP measure was first examined separately in age-adjusted models (model 1). We then included all adult measures together in the same model to determine if they had independent associations with CVD risks (model 2). Models were then adjusted for CVD risk factors (model 3). We also estimated age-adjusted associations with an overall adult SEP score and tested for interactions of this score with sex. We followed a similar modeling sequence for childhood SEP. A final model included the adult and childhood SEP summary score together in the same model in men and women separately. We also investigated whether associations of summary childhood and adult SEP with CVD were modified by age by using stratified analyses and by including appropriate interactions in the regression models.
We conducted several sensitivity analyses to test the robustness of our findings. We performed analysis with only incident CVD by excluding participants with recurrent events. Additionally, we also conducted sensitivity analysis to examine the impact of lifecourse SEP by type of CVD outcomes, separately for incident CHD and incident stroke. Last, we preformed analysis with adult SEP and childhood SEP as continuous variables. Because there was evidence of a nonlinear relationship between lifecourse SEP and CVD events, the results from the tertiles of adult SEP and childhood SEP were presented.
The proportional hazards assumption was assessed by visual inspection of log-log plots and no significant violations were noted. All statistical analyses were performed with SAS (version 9.3; SAS Institute). 35 
Results
During a median follow-up period of 7.2 years, 362 new or recurrent CVD events occurred in the sample of 3360 women and 1941 men. Of these events, 213 were in women and 149 in men. Table 1 shows age-and sex-adjusted proportions and means of baseline demographic and CVD risk factors across tertiles of childhood and adult SEP categories. Participants with higher adult SEP and higher childhood SEP were younger and less likely to be women. Participants with higher adult SEP were also less likely to be current smokers and consume alcohol but had better dietary intake (ie, low energy, total fat, and carbohydrate intake) and higher levels of physical activity. Moreover, participants with higher adult SEP tended to have lower BMI, systolic blood pressure, and prevalence of hypertension and diabetes (Table 1 ). In contrast, fewer CVD risk factors were patterned by childhood SEP. Participants who had higher childhood SEP had lower mean BMI, lower prevalence of hypertension and current smoking, and higher levels of physical activity.
In women, higher education, income, and wealth and not being on public assistance were associated with lower rates of CVD (Table 2) . Women not on public assistance had lower CVD rates than those on public assistance, but no trend was observed across public assistance categories. In men, higher SEP also tended to be associated with lower CVD rates, although patterns were less consistent than in women and trends were not statistically significant. Trends in CVD rates by childhood SEP categories were not statistically significant in men or women. Childhood SEP was generated by summing points for mother's education, parental home ownership, and childhood amenities and categorizing into tertiles of low, medium, and high childhood SEP. ] in >50 years, P value for interaction 0.0846). Associations of adult SEP with women and in persons ≤50 years at baseline were reduced after adjusting for CVD risk factors but remained statistically significant (model 2). However, childhood SEP was not associated with CVD risk independent of summary adult SEP in women or men. Lower childhood SEP appeared to be more strongly associated with CVD risk in persons ≤50 years at baseline than in persons >50 years, but this heterogeneity was not statically significant. A similar pattern was observed when analyses were stratified by age within sexes, but tests for interaction did not achieve statistical significance. Sensitivity analysis defining adult SEP and childhood SEP as continuos variables showed similar results (Table 6 ). Findings were similar in sensitivity analyses when we used only incident CVD and excluded participants with recurrent events (Table 7) . Results were also generally similar for incident CHD and incident stroke as separate outcomes, although the CIs widened (Table 7) . 
Discussion
To our knowledge, this study is among the first to investigate the associations of various measures of SEP across lifecourse with CVD events in a large African American sample. Our study found significant and graded inverse associations between adult SEP measures and CVD rates in women; the associations were less consistent in men. In women, wealth appeared to be a stronger and more robust predictor than education, income, or being on public assistance. There was also evidence that the association of adult SEP with CVD events was stronger in the younger ≤50 years) than in the older age group (>50 years). Childhood SEP was not consistently associated with CVD risk in women or men. Our findings that adult SEP is associated with CVD rates in African American women is consistent with prior studies that reported inverse graded associations between adult SEP and incidence of CVD in developed countries. [36] [37] [38] Moreover, our findings are congruent with those from ARIC showing an inverse association between adult SEP and incidence of heart failure in African Americans. 18 One novel aspect of our study is that we used multiple measures of adult SEP compared with prior studies that relied on only few measures. In women, we found that wealth was the strongest predictor. In particular, low education was not consistently associated with CVD rates in women. One possible reason is that educational attainment may not translate proportionally into economic benefits in African Americans, 16, 39 and economic factors may be the ones linked to CVD risk through processes affecting more proximal CVD risk factors. Adult SEP measures were more consistently and strongly associated with CVD risk in African American women than in African American men. This finding is in agreement with Model 1: adjusted for age and each childhood SEP measure separately (eg, age+mother's education; age+parental home ownership; age+childhood amenities; age+childhood SEP); model 2: adjusted for age and joint effect of all childhood SEP measures (mother's education, parental home ownership, and childhood amenities). CVD indicates cardiovascular disease; SEP, socioeconomic position; JHS, Jackson Heart Study; HR, hazards ratio. *P values for the tests for interaction between childhood SEP measures and sex.
previous studies that reported sex differences in the social patterning of CVD-related outcomes. 38, [40] [41] [42] [43] [44] [45] [46] One explanation of sex difference in social patterning CVD risk could be the stronger social patterning of obesity, hypertension, type 2 diabetes, and physical inactivity in African American women than in African American men. However, associations of wealth and summary adult SEP score with CVD events persisted after adjusting for CVD risk factors, suggesting that Sex was adjusted for models by age analysis (≤50 or >50). CVD indicates cardiovascular disease; SEP, socioeconomic position; JHS, Jackson Heart Study; HR, hazards ratio; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein. *Childhood SEP was generated by summing points for mother's education, parental home ownership, and childhood amenities and categorizing into tertiles of low, medium, and high childhood SEP. † Adult SEP was generated by summing points for education, income, wealth and public assistance and categorizing into tertiles of low, medium, and high adult SEP. ‡ P values for the tests for trend. § P values for the tests for interaction between childhood SEP and sex and adult SEP and sex. Model 1: Adjusted for age, childhood SEP, and adult SEP; model 2: model 1+smoking, alcohol consumption, BMI, physical activity, HLD, LDL, triglycerides, hypertension, and type 2 diabetes. Sex was included in the models by age (≤50 or >50). CVD indicates cardiovascular disease; SEP, socioeconomic position; JHS, Jackson Heart Study; HR, hazards ratio; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein. *Childhood SEP (continuous) was generated by summing points for mother's education, parental home ownership, and childhood amenities. Continued these factors do not fully explain the sex differences in social patterning of CVD events. Alternatively, the social distribution of psychosocial stressors linked to CVD could also differ by sex. [45] [46] [47] It has also been posited that the behavioral and stress implications of higher SEP may be different in African American men. 14, 15, 48 In addition, African American women in this cohort may have received greater economic benefits from the civil rights laws and affirmative action legislation than African American men, which likely allowed them to take advantage of expanded higher education programs, the opening of service-sector jobs, and associated wage gains with consequent gains for physical and mental health. This may have allowed more-educated and higher-income African American women to derive more benefits from their higher social standing compared with less-educated and lowerincome African American women, resulting in a stronger socioeconomic patterning of CVD in women. 40, 49 Our findings also revealed interesting differences in associations by age. Lower adult SEP was more strongly associated with CVD rates in younger than in older African Americans. This finding is consistent with previous studies that have documented inverse graded associations between SEP and CVD risk and related outcomes in young adults. We found no associations of childhood SEP with CVD risk in adulthood. Only 2 studies of which we are aware have investigated the associations of childhood SEP with CVD events in African Americans, and those studies yielded mixed results. Contrary to our findings, Glymour et al 17 found that childhood SEP, measured by father's occupation, predicted stroke risk in African Americans independent of adult SEP by using the Health and Retirement Study. Our findings, however, are consistent with another study that found that childhood SEP was not significantly associated with incidence of heart failure after adjusting for adult SEP in African Americans in the ARIC Study. 18 The discrepant findings could be due to differences in the definition of childhood SEP. For example, Glymour et al 17 and Roberts et al 18 incorporated father's occupation into their study, but it was not available in our study. It is also possible that associations of childhood SEP are different for different types of CVD (as has been previously reported) 5, 59 ; however, our results did not show differences in the associations with incidence of CHD and stroke. It is also possible that misclassification errors due to recall bias and large missing items on our childhood SEP measures could explain the lack of association with CVD risk in our study.
Alternatively, it may be that traditional childhood SEP measures may not be good predictors in our sample or in African Americans. This is because African American childhood exposures may be very different from those in US whites; therefore, traditional childhood SEP measures may not >50 y) . CVD indicates cardiovascular disease; CHD, coronary heart disease; SEP, socioeconomic position; JHS, Jackson Heart Study; BMI, body mass index; HDL, high-density lipoprotein; HR, hazards ratio; LDL, low-density lipoprotein. *Childhood SEP was generated by summing points for mother's education, parental home ownership, and childhood amenities and categorizing into tertiles of low, medium, and high childhood SEP.
accurately reflect variability in the childhood social environments of African Americans. This suggests the need for additional lifecourse SEP measures beyond the traditional measures to better understand the lifecourse processes contributing to CVD risk in African Americans. Other social exposures (including those linked to discrimination and segregation), which also begin to act in childhood, need to be explored. Moreover, although we found no associations of childhood SEP with CVD risk, adverse childhood SEP may affect CVD risk indirectly through its impact on adult SEP. [1] [2] [3] [4] 60 These findings highlight the need for more research to clarify the impact of childhood SEP on CVD in African Americans, by using birth cohorts and measuring various SEP indicators over time.
Our findings should be interpreted with caution in light of the study's limitations. The first limitation is that our childhood measures were collected retrospectively, which likely resulted in substantial measurement error compared with adult SEP, which is reported more accurately. Several studies have shown that adult recall of childhood SEP is likely to result in underestimate of childhood SEP effects on adult health outcomes. 6, 61, 62 Another limitation is the large amount of missing data on childhood SEP. Although our analysis used multiple imputations to minimize bias and loss of power, it is difficult to check the validity of the assumption that the missing childhood SEP measures are missing at random. 63 Furthermore, our childhood SEP did not include father's education and occupation, which might have limited our ability to fully assess the effects of childhood SEP. The relatively small numbers of CVD events, especially in men and younger age groups limited the power of our analyses. Last, our results for childhood SEP could have been influenced by age cohort effects. Childhood SEP was strongly patterned by age, and it may therefore have been difficult to disentangle age and childhood SEP effects. Prior work has suggested that associations of childhood SEP may be different for different types of CVD events. 5, 59 Our power to investigate differential associations for stroke and CHD was limited by power. In addition, heart failure, a common CVD event in African Americans, was not included in our analyses. Although our findings cannot be generalized to all African Americans across the United States, our study uses data from the largest population-based studies of CVD in African Americans in the United States. Another strength was our ability to investigate a broad array of childhood and adult SEP measures. Finally, the prospective design of this study significantly contributes to the limited research on the impact of lifecourse SEP on CVD events in African Americans.
In conclusion, we found that adult SEP, especially wealth, was strongly inversely associated with CVD rates in African American women but that adult SEP was less consistently associated with CVD rates in African American men. There was also evidence that adult SEP was a stronger predictor of CVD risk in younger than in older participants. In contrast, childhood SEP was not associated with CVD rates. These findings underscore the need for early detection and prevention of CVD in African American women of low SEP.
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